The basalts of Norfolk Island range from tholeiites through transitional basalts to alkali olivine basalts, and plot in a unique field on a Ti-Zr-Y diagram . REE abundances in seven representative samples are similar to those in tholeiites and alkali olivine basalts from Hawaii , i.e. light REE enrichment relative to chondrites, and a slightly higher La/Yb value for the alkali olivine basalts relative to the tholeiites . Three tholeiitic samples with anomalously high Y (84-105ppm) show unique REE patterns for basaltic rocks, with a relative enrichment of the middle REE . Apart from Y and REE these samples are chemically identical to the `normal' Y-REE tholeiites from Norfolk Island, and it is suggested that the unique Y and REE contents are due to variable Y and REE concentrations in an accessory mantle phase such as apatite and/or the Y acceptor RE phosphate minerals such as xenotime or samarskite inhomogeneously distributed in the source region for the basalts.
INTRODUCTION
Chemically there are no clear-cut distinctions between the rock types and the basalts span the Norfolk and neighbouring Philip Island field across the alkali basalt/tholeiite dividing (latitude 29°S, longitude 168°E) consist of near line on a plot of alkali elements vs . Si02, and horizontal basalt flows and minor interbedded normative compositions spread across the base tuffs erupted in 3 main episodes from 3 to 2.3 of the basalt tetrahedron from alkali olivine m.y. ago (JONES and MCDOUGALL, 1973; Mc basalt to quartz tholeiite . D OUGALL and ASSIZ-UR- RAHMAN, 1972) . The Significant geochemical features of the Nor islands represent the only exposed portion of folk Island basalts may be summarized as the narrow Norfolk Ridge which extends from follows:
New Zealand to New Caledonia. The crust beneath the ridge is about 20km thick and is considered to be a Mesozoic igneous or meta morphic basement covered by a 1.5-2 km se quence of Tertiary basalt flows (HOCHSTEIN, 1967) . In plate tectonic terms, the ridge is in the Australian lithospheric plate, midway be tween the Australian continent and the Pacific/ Australian plate boundary. Most plate tectonic reconstructions separate the Norfolk Ridge from the Australian mainland early in the Tertiary Period (JONES, 1971; GRIFFITHS and VARNE, 1972) .
The petrology and geochemistry of major and selected trace elements of the Norfolk Island volcanics have been described in an earlier paper (GREEN, 1973) .
Briefly, the volcanic province consists of tholeiites, transitional basalts and alkali olivine basalts, with minor , more evolved tholeiitic andesites and hawaiites .
(i) similar TiO2 in alkali olivine basalts and tholeiites (ii) unique field on a Ti-Zr-Y plot, distinct from other well-documented mid-oceanic plate island basaltic provinces, such as Hawaii (iii) moderately high A1203 (iv) high Na20, especially for tholeiites (v) and is treated as a proxy for Dy (e.g. FREY and GREEN, 1974) . Finally the results are evaluated in terms of petrogenetic models for basalts and implications for the nature of the mantle source region.
ANALYTICAL PROCEDURE Eight REE, Sc, Hf and Th were determined by instrumental neutron activation analysis using the equipment, and following the method, described by B RUNFELT and ROELANDTS (1974) . About 100mg of sample was wrapped in alu minium foil and irradiated for 24 hours in a JEEP reactor in a flux of 1.5 X 10"n/cm' sec. Gamma energies were counted after cooling for 6, 20 and 40-50 days to obtain optimum peak/ background/interference/half-life relations for various elements. U.S.G.S. standard rock BCR-1 was used as a primary rock standard and G-2 as a secondary standard. Precision, estimated from counting statistics and duplicate samples was never worse than 10% for La, Sm, Sc; 15% for Eu, Tb, Yb, Lu, Hf and Th; 20% for Nd, Ce and typically is much better than these figures. (SCHILLING and WINCHESTER, 1969: KAY and GAST , 1973 Also the lack of a positive Eu anomaly implies that the Norfolk Island basalts have not achieved their moderately high A1203 content through melting or crystal lization processes (e.g. flotation)
involving the plagioclase.
Thus the depth of melting in the peridotitic source region is > 30km GREEN and HIBBERSON, 1970 and cause a fall in the 100 Mg ratio M g + Fe i n derivative basalts. Sc values in the Norfolk Island basalts allow an evaluation of potential clinopyroxene fractionation, assuming an ex perimentally-based model for their origin GREEN, 1973 (FREY et al., 1974) .
The effect of clinopyroxene fractionation on the REE dis tribution in derivative lavas will be to cause LREE enrichment, but little or no change in HREE (using D values from FREY et al., 1974 and ARTH, 1976 Thus an internally consistent model is obtained linking the REE data and an experimentally based petrogenetic model. Alternative geochemical models are possible, involving lower degrees of melting and possibly with garnet as a residual phase, in the derivation of the alkaline olivine basalt. How ever, these models are not supported by GREEN and RINGWOOD'S (1967) experimental study, and the aim of this exercise was to determine if the REE data for the Norfolk Island rocks could be linked directly with the experiment-based hypothesis.
Thus these alternative models were not pursued.
It should be noted, though, that for very low and probably unrealistic degrees of melting, a mantle with chondritic REE abundances could give rise to the REE contents of the Norfolk Island basalts.
Calculated REE contents for clinopyroxene in the parental mantle fall in the range 7-30ppm La; 2.5-6.4ppm Sm; 1.9-3.Oppm Yb, depending on the proportion of REE residing in mantle apatite (P2O5 values for the Norfolk Island lavas suggest that about 0.24% mantle apatite dissolved in the magmas). Values for REE in the residual clinopyroxene after generation of the Norfolk Island alkali olivine basalt are calculated to be rr 1.5 ppm La, 3 ppm Sm and 1.6 ppm Yb. Figure 3 shows these calculated REE values for La, Sm and Yb plotted relative to chondrites and compared with the measured range in REE analyzed in clinopyroxenes from a number of mantle-derived lherzolite nodules (FREY and GREEN, 1974) .
The calculated values generally show a reasonable agreement with the measured range, except for Yb in the source clinopyroxene. The apparent discrepancy shown by some of the calculated REE abun dances in residual clinopyroxene overlapping or closely approaching the calculated REE con tents of source clinopyroxene is due to the uncertainty in the concentration of REE in mantle apatite. If the apatite role is ignored then these residual figures may be compared with maximum figures given above for the source clinopyroxene.
In Fig. 3 the possible role of apatite is reflected in the range of values given for source clinopyroxene.
In this evaluation REE abundances in mantle apatite were taken to be similar to those determined in apatite from a lherzolite nodule (FREY and GREEN, 1974) . These values may not, of course, be appropriate for apatite in the mantle source for the Norfolk Island basalts, but no other data are currently available on REE distribution in apatite of likely mantle origin. basalts from Norfolk and Philip Islands have distinct REE patterns, not so far described in the literature.
These patterns show overall enrichment of all REE with a signifcant relative enrichment of the middle REE (Sm, Eu, Tb, (Y)).
These features are emphasized in Fig. 4 where the 3 high Y-REE rocks, plotted relative to the "normal"
Y-REE thoeliite, show an enrichment factor of up to 4.5. As noted earlier the anomalous rocks are two tholeiitic basalts (M g + Fe = 58.8) and one more evolved 100Mg = 48.1). As far as has been tholeiite (M g + Fe determined, these 3 tholeiites have similar chemistry in all other respects to the "normal" Y and REE tholeiites on Norfolk and Philip Islands (see Table 2 and GREEN, 1973). Equi librium-melting modelling attempts for these compositions lead to REE abundances in mantle clinopyroxene which are completely different from any analyzed clinopyroxene (see Fig. 3 ), and it is worthwhile examining possible mecha nisms which could impart these unique Y and REE abundances and yet not alter the abun dances of any other elements.
(i) Alteration
All the Norfolk and Philip Island samples show some alteration, mainly oxidation and partial iddingitization of olivine evidenced by the Fe2O3 and `loss' values in the analyses. However, the high Y, REE samples do not correspond to the most altered rocks (see Table  2 and GREEN, 1973) , and no known alteration patterns for basic rocks include enrichment of Y or middle to heavy REE (PEARCE and CANN, 1971; HELLMAN and HENDERSON, 1977) Table 2 ). Also, the lack of a Eu anomaly, similar Sc contents, similar Na/Ca, K/Rb ratios and lack of marked HREE deple tion in the anomalous lavas compared with the "normal" basalts restrict the involvement of plagioclase, clinopyroxene, amphibole and garnet as possible fractionating phases relating both basalt types to a common source material. (iv) Dynamic melting LANGMUIR et al. (1977) Finally, the source may have variable and unusual REE patterns due to heterogeneously distributed accessory phases, such as apatite or other RE phosphates (especially Y acceptor minerals such as xenotime or samarskite). These phases are rich sources for the REE and it would only take a variation in REE distribution of one of them contributing to the melt in a disequilibrium melting situation, to account for the difference between the "normal" and high Y-REE tholeiites, without affecting the abun dances of any other elements (including P). Apatite is of significance because it favours the middle REE elements (NAGASAWA, 1970; NA GASAWA and SCHNETZLER, 1971; BRUNFELTand ROELANDTS, 1974) , but can show quite variable REE distributions (e.g. GRIFFIN et al., 1972; EBY) 1975; PUCHELT and EMMERMAN, 1976) . The similar P205 content between the "normal" and high Y, REE rocks infers that the same proportion of apatite and/or other RE phosphate ( 0.75%) must contribute to melts forming both rock types so that any differences in Y and REE would have to be attributed to dif ferences in Y and REE distribution in the apatite and/or RE phosphate going into the melt. 
